Groundwater in Scotland is, for the most part, weakly to moderately mineralised and dominated by the Ca and HCO ions. The aquifer systems are almost entirely unconfined and most groundwater remains in contact with 3 oxygen; some reducing groundwaters occur in deeper isolated cracks and joints within the many fractured bedrock aquifers such as Devonian sandstones. Groundwater depleted in oxygen is also common in the Coal Measures in the Midland Valley as a direct result of past coal and oil shale mining, when iron and other metals are taken into solution as the abandoned mine workings are allowed to flood. Low pH groundwaters are rare but do occur where calcite is absent in some basement rocks. Marine intrusion of coastal aquifers occurs locally in East Lothian and parts of Morayshire. Deeper circulating groundwaters are responsible for some of the more exotic spa waters, notably at Bridge of Earn near Perth. Nitrate contamination of groundwater is increasing in some areas, and is most prevalent in the south of Scotland. The Devonian aquifer in Fife and parts of the Permian sandstone aquifers of south-west Scotland are the worst affected. Crown
Introduction
The difference between effective rainfall and run-off provides significant potential for groundwater recharge in Scotland. The potential is greater in the west than the east due to the rain-shadow effect of the uplands on the prevailing moisture laden westerly winds, but is nowhere less than 350 mm year . Recharge is inhibited by steep topogy1 *Corresponding author. Tel.: q44-1491-838-800; fax: q44-1491-692-345.
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raphy, widespread till cover and inadequate transmissive properties of many of the older basement rocks. Soils can remain at or near field moisture capacity for long periods in upland areas and recharge events can take place during a large part of the year. Hydrogeological units tend to be of a small size, and shallow groundwater flow paths are of a modest distance. Most shallow groundwaters are actively recharged, relatively young and far from equilibrium with their surrounding rock matrix (Robins, 1990) . Discharge as baseflow to surface waters influences low stream-flow chemistry, which may buffer otherwise acid waters or conversely acidify alkaline surface waters.
The common perception in this land of plenty is one of pristine purity, a green land of glens untouched by the hands of man. This perception underpins the thriving Scottish bottled water industry with images of crystal springs bubbling from the deep. In truth the quality of shallow groundwater in Scotland varies from young, and weakly mineralised to older and moderately mineralised groundwaters. It varies from some near pristine waters, which derive from rainfall that predates the industrial and agricultural revolutions to modern waters rich in nitrate or contaminated by organic chemicals used in some industrial process. Many groundwaters are mixtures of groundwater types perhaps representing shallow and deep circulation, but end members are hard to identify.
The first systematic investigation of groundwater quality in the main aquifers of Scotland was reported by Robins (1986) . One hundred groundwater samples were collected from a variety of aquifers in the Midland Valley, the Borders, Dumfriesshire, Morayshire and the Orkney Islands. Four groups of groundwaters were identified according to the ages of the strata:
• Quaternary-weakly mineralised and poorly buffered waters dominated by various ions but principally Ca-HCO .
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• Permian-weakly to moderately mineralised groundwater dominated by Ca-Mg-HCO -SO 3 4
ions.
• Carboniferous-moderately to highly mineralised reducing groundwaters dominated by CaMg-SO -HCO ions.
4 3
• Devonian-moderately mineralised groundwater dominated by Ca-Mg-HCO ions.
3 Robins (1986) identified risk to potability from rising nitrate concentrations in the older rocks, the occurrence of Fe-rich groundwaters associated with some Carboniferous strata, and localised elevated occurrences of F.
No further national investigation was undertaken for approximately 10 years. In the mean time ad hoc collection of groundwater chemistry data was on-going, either on a project basis, or routinely by the public supply water undertakings or local authorities. However, the sampling criteria and analytical aims vary greatly and much of these data need to be treated with caution.
Conscious that nitrate pollution of groundwater was being observed in many aquifers, particularly in eastern Scotland, the Scottish Office commissioned a report on the occurrence of groundwater pollution (Ball, 1995) . This study concluded that the most common contaminant in Scottish groundwaters was nitrate, and that the worst affected aquifers were the Upper Devonian sandstones of Fife, parts of the Permian basin at Dumfries and Devonian sandstones and superficial gravels in Strathmore.
A single groundwater Nitrate Vulnerable Zone was declared for the Balmalcolm borehole in Fife in 1996 (see SEPA, 1998 for location and shape and Vinten and Dunn, 2001 for background). More recently, the Scottish Office commissioned a review of all available water quality data (EnviroCentre, 1999), preliminary to establishing a formal monitoring network. This study attempted to collate the data held by the local authorities and others and concluded that nitrate concentrations in excess of 5.6 mg-N l were widespread throughy1 out much of eastern Scotland and the Borders regardless of the nature of the aquifer. This paper identifies a validated set of water quality data for Scottish aquifers. The groundwater chemistry data are presented against the geological background for each aquifer type. Hydrogeochemical processes cannot generally be identified due to paucity of the available data, but anthropogenic influences on water quality are highlighted.
Legislative framework
Recent and proposed legislation has made the regulators throughout Europe, not least those in Scotland, aware of the need for baseline water quality information. Coupled with this is a requirement to identify any adverse trends in water quality. The main legislative drivers are: the Groundwater Directive 80y68yEEC; the Nitrate Directive 91y676yEEC; and the proposed Water Framework Directive. These have been and will be translated into Scottish Law through a variety of instruments. For example, the spirit of the Groundwater Directive is contained within a variety of instruments including the Environment Act 1995, and the Nitrate Directive is partly contained within the Protection of Water Against Agricultural Nitrate Pollution (Scotland) Regulations 1996, etc.
The key driver at the moment is the forthcoming Water Framework Directive. When enacted locally this will require the regulator to know where groundwater resources occur, how the respective hydrogeological units are distributed, what risk is posed to those resources from diffuse surface pollutants, and where groundwater sources are used and for what purpose. It also means that the regulator will need baseline water quality data for the resource, and regular monitoring of source quality will be required to identify change. It will need an understanding of the controls on water quality as well as knowledge of shallow groundwater flow paths. These requirements will form part of an integrated catchment-based management of water resources. The tasks involved are expensive and require considerable preparatory work to be put in place prior to enactment; the forthcoming Directive has highlighted just how little is actually known about groundwater quality in Scotland.
Data availability
Groundwater quality data are held by a variety of organisations. Data are collected for different reasons to satisfy different needs and criteria; one set of data may not necessarily be comparable with another. Water quality information collected for potability could be collected at domestic taps and represent mixed samples contaminated by lead and copper piping, whereas others may be collected at the well-head to exacting conditions in order to determine the chemical conditions of groundwater in the aquifer.
The 38 000 private boreholes, wells and springs that are monitored by local authorities (Wright, 1995) are the largest potentially useful data set. However, the sampling criteria and data accessibility are variable and the overall value of the data is questionable. Good quality data are maintained by the respective Water Authorities for their 35 public supply boreholes, whereas more patchy records exist for approximately 150 industrial boreholes and another 200 used by the agricultural sector. Some of the latter data are held regionally or nationally by: the Water Authorities; the Scottish Environment Protection Agency; and the British Geological Survey. Clearly, water use dictates what sampling protocol is adopted and which determinands are needed; a bottled water factory requires a more stringent quality monitoring of its source water than does a farm which uses groundwater for washing down the dairy.
In addition the British Geological Survey, Macaulay Land Research Institute, and some of the Scottish and English universities hold inorganic chemistry data which have been collected for project purposes, either nationally, regionally, or locally. However, there is no central data holding.
The data used in the present study, which limits itself to the occurrence and distribution of major inorganic ions, derive from a database of analyses selected under the following criteria:
• the anionycation balance is -"4%;
• the sample was taken from a borehole, well or spring with on-site measurement of at least pH and alkalinity; • the source was not liable to obvious local contamination, i.e. silage clamp, farmyard drainage, or landfill, such that NO and Cl concen-3 trations might be deemed unrepresentative.
These criteria imply that the data derive from a known and reputable laboratory, and that sufficient records existed to make a value judgement about the quality of the data. All the local authority data and much of the public supply data were rejected on the grounds that not all eight major ions were reported, or because samples were collected from reticulated supplies via holding tanks. Other samples were rejected as they were sampled from polluted sources, for example, for a landfill investigation. The residual data set contains analyses from a total of 310 groundwater sources (Fig. 1) . For the most part, data coverage is inadequate for the analysis of hydrogeochemical processes within individual aquifer units.
Geological framework

Midland Valley
Devonian and Carboniferous rocks outcrop over much of the Midland Valley with a single Permian sandstone outlier in Ayrshire (Fig. 2) . The Devonian and Carboniferous form a complex sequence of sedimentary and volcanic rocks (Craig, 1991) with diverse hydraulic properties. The Devonian sandstones and mudstones of Strathmore and the high yielding Devonian aeolian sandstones of Fife contain moderately mineralised groundwaters. The Carboniferous sequence comprises permeable sandstone and gritstone horizons as well as seatearths, coals and limestones. Groundwater may be moderately to highly mineralised, sometimes with a low redox potential, especially in the vicinity of former coal and oil shale workings where Fe and Al have been taken into solution by rising minewaters following mine abandonment.
Extensive terraces of glacio-fluvial material are present in many valley areas and these are widely exploited for supply. Generally, weakly mineralised groundwater is typical within these deposits, some of which may reflect hydraulic contact with nearby surface waters.
The volcanic rocks contain groundwater within interconnected cracks and fractures. Groundwater is generally weakly mineralised and in places has a low redox potential.
Highlands and islands
The area north of the Highland Boundary Fault largely comprises crystalline Caledonian metamorphic and igneous rocks in which secondary permeability derived from dilated cracks and joints offers the principal means of groundwater storage and transport. Many of these strata contain little carbonate material and groundwater may be slightly acidic (Edmunds and Kinniburgh, 1986) .
Devonian sediments occur in Caithness, the Orkney Islands and around the Moray, Cromarty and Dornoch Firths. There is also a small Permian outlier in Morayshire. These strata offer variable prospects for groundwater development and are generally moderately mineralised.
Palaeogene volcanic rocks, including extensive dykes and sheets in north-western Scotland, and fractured rocks of Precambrian age, both rely entirely on secondary permeability for groundwater transport and storage. Occasional calcite veining and calcite lining to fractures provides an alkaline environment.
Glacio-fluvial and rare raised beach deposits occur in the coastal region north of Aberdeen and east of Inverness and along the floors of some of the larger valleys such as the Spey and the Dee. These deposits offer favourable conditions for groundwater supplies, but many are vulnerable to surface pollution. Groundwater chemistry is variable and typically weakly mineralised.
Southern Uplands
The Southern Uplands comprise a thick sequence of Ordovician-Silurian shales and greywackes with occasional granitic intrusions and extensive volcanic dykes. The shales and greywackes allow some groundwater storage and transport in the shallow weathered zone where cracks and fractures are dilated. Base cations are available in the shales and greywackes, but less so in the granites.
Devonian and Carboniferous strata overlie the shales and greywackes in the Borders, and there are several large Permian outliers in south-west Scotland. These offer a variety of hydraulic conditions from poor to excellent, with the Permian sandstone basin at Dumfries supporting a number of high yielding boreholes. A variety of groundwater types are present, for the most part dominated by Ca and HCO ions. Superficial granular deposits in valleys may be in contact with surface waters and yield generally weakly mineralised groundwaters.
Groundwater quality
Ca-HCO groundwater and other types 3
The median and ranges of pH and major ion concentrations for the main hydrogeological units derived from the adopted data-set are given in Table 1 . Although, for the most part, the ranges of concentration for any given unit are large, the median values reflect the overall character of each hydrogeological unit. The ranges are biased by the presence of brackish type waters such as those influenced by the sea and the spa source, as well as some groundwater in the Carboniferous, which is mixed with near surface minewaters. The majority of Scottish groundwaters are moderately mineralised and are dominated by the Ca and HCO 3 ions (i.e. Ca-HCO type groundwaters). By way 3 of example, Fig. 3 illustrates the dominant rela- reflects the chemical maturity of the water with the rock matrix. Groundwater in drift deposits displays a diverse range of quality and chemistry. The quality depends on the mineralogy and reactivity of the drift material and the degree of equilibrium that has been attained between water and rock. For the most part, the groundwaters are weakly to moderately mineralised, of near neutral pH and with bicarbonate concentrations generally -100 mg l . The range of groundwaters is illustrated graphy1 ically in Fig. 4 which portrays the major ion components for the drift aquifers throughout Scotland in a Piper trilinear diagram (Hem, 1959 some Na-SO and Na-Cl types, but with all vari-4 ations in between (Fig. 6) Reducing groundwaters occur in some areas, and Fe and Mn may be present in solution.
Groundwater in the Devonian strata is also largely of the Ca-HCO type. The pH is generally are also important components of some groundwaters; there is a small difference in the range of the groundwater types between the Midland Valley ( Fig. 7) and the groundwaters in Morayshire, Caithness and the Orkney Islands (Fig. 8) . In the Balmaha area near the south-east corner of Loch Lomond, shallow Ca-HCO groundwaters overlie 3 slightly deeper and more mineralised Na-Cl-SO 4 (Cl) type waters. The SO concentrations and the 4 increased salinity may be influenced by a small residual pocket of Quaternary seawater (Hall et al., 1998) . Barite is also locally present in the sandstones. Basement rocks contain groundwater from slightly acidic to alkaline, with a wide range of chemistry, and ranging from very weakly mineralised to brackish. Groundwater in the Precambrian with shallow groundwater to counter acidity and produce Ca-HCO type groundwaters (Edmunds 3 and Savage, 1991).
Reducing waters
Reducing waters commonly occur in confined aquifers or in fractured rock aquifer systems wherever groundwater has been isolated from the atmosphere for a considerable amount of time. There are few areas of confined groundwater in Scotland and no significant aquifers or parts of aquifers that are dominated by reducing waters.
In the fractured Devonian aquifer system in Morayshire, Robins et al. (1989) reported low dissolved oxygen values (-0.1 mg l ) at a y1 number of sites with soluble iron concentrations up to 5 mg l and manganese up to 2 mg l .
y1 y1
However, it is equally common for mixing with shallow oxygenated waters to disguise the presence of deeper reducing waters and they may go undetected. Elsewhere, reducing waters with low Eh and dissolved oxygen concentrations have been found in a variety of situations including minewater discharges from the Carboniferous, some Permian groundwaters and rarely also some groundwater contained in basement and volcanic rocks.
Acidic groundwaters
Naturally occurring groundwater with pH-7 is common throughout the basement particularly where calcite is absent or nearly so. Granite is a typical host for acid groundwaters and surface waters. Measured values of pH have a range from 5.4 upwards ( Table 1) , though many basement sources are alkaline.
Studies at Loch Fleet in Galloway (Cook et al., 1991) describe an acidified catchment with surface waters of pH 4.4 receiving weakly buffered rainfall at pH 4.8. A shallow borehole into granite yielded small quantities of groundwater with a pH of 7.2, reflecting the occurrence of calcite as an infill material to cracks and fractures in the shallow weathered zone of the granite. However, the alkalinity from groundwater contributions to surface water was insufficient to markedly affect the acidity of the latter. Exploratory drilling and detailed hydrogeochemical evaluation in the Strath Halladale granite in Caithness demonstrated the evolution of alkaline granite waters (Kay, 1984) . Shallow boreholes (-40 m deep) and spring discharges have a pH of between 4.5 and 6.6, are oxygenated and weakly mineralised. Deeper boreholes (-300 m deep) tapped an older body of water, generally depleted in oxygen and with a pH of between 6.0 and 7.8. It was concluded (by means of C analysis, He 14 4 data and stable isotope values) that water could take up to 10 years to percolate through the overlying peat to the water table. The acid peat water is neutralised on entry to bedrock and becomes more alkaline as it reacts towards equilibrium with the bedrock minerals. The groundwater in the deeper boreholes was estimated to be 10 000 and 14 000 years in age.
Marine influences
There are few recorded incidences of marine invasion of coastal groundwater bodies in Scotland. Those that have been observed are all in fractured rock aquifers rather than intergranular aquifers or drift deposits. For example, a study of the Peffer Burn in East Lothian highlighted increasing groundwater abstraction (to over 6500 m day from nine boreholes for agricultural use) 3 y1
in a minor fractured volcanic aquifer . Increased concentrations of Cl were measured in one borehole near the coast at 750 mg l and this was taken as evidence of y1 reverse flow from the sea at the foot of the aquifer. This hypothesis was supported by a subsequent water balance groundwater flowpath study carried out for the catchment. In Morayshire, at some sites close to the coast, Na and Cl concentrations are 10 times background concentrations, again indicative of sea water intrusion rather than just the coastal effect of sea spray (Robins et al., 1989) . However, on Orkney Mainland, a near-coast public supply borehole failed after several years use when the Ca and SO 4 concentrations rose to over 350 and 235 mg l , y1 respectively. Down-hole geophysics indicated that this change was caused by depletion of young, shallow groundwater and the consequent upwelling of deeper and older brackish groundwater, rather than ingress of the sea (Robins and Ball, 1986) .
Sea water ingress does not occur in the lowlying Permian and Triassic aquifers of south-west Scotland. Indeed, boreholes pumping at 8 l s , y1 100 m from the shore at Annan are unaffected. In the lower reaches of the Dumfries basin, boreholes are confined by recent marine silt and clay and yield fresh groundwater. Permian strata are surrounded by the sea on both sides at Stranraer, but here the sandstone is only weakly permeable and overlying raised beach material is used to provide good quality groundwater.
Exotic waters-the spas
The old spa and former Schweppes bottling source at Bridge of Earn, south of Perth, discharges at 1 l s from volcanic strata and drift. This is a y1 distinctive Ca-Cl type water which has Cl concentration of 1250 mg l . In 1986, it had a remarky1 ably low environmental tritium value of only 9 TU, suggesting a majority source of older water predating the recent range of elevated values of environmental tritium (Browne et al., 1987) . The discharge temperature is 12 8C compared with other local shallow groundwaters that have a temperature of between 8 and 10 8C. Browne et al. (1987) suggested that this water represents a mixture of old, deep circulation brines, possibly within the relatively permeable but locally deep Devonian sandstones, mixed with shallow weakly mineralised water. This is the only indication of the natural discharge of deep circulation that has been found in the Midland Valley, although there are some deep brackish minewaters (Younger et al., 1995) .
The spa sources at Moffat, Innerleithen, Hart Fell and Melrose in the Southern Uplands are NaCl and Na-HCO type groundwaters. They repre-3 sent deeper groundwater circulation in the Silurian and Ordovician shales and greywackes and may also reflect the proximity of local mineralisation. The saline spa source at Bridge of Allan, Stirling, is mine drainage from a former copper mine adit dug into Devonian strata.
Not all the spa waters derive from deep circulation. The sulfur waters of the Strathpeffer sources, north of Inverness take their chemical character from the shallow Spa Beds within the Devonian sandstones. The 30-m thick Spa Beds crop out locally and comprise fetid bituminous calcareous shales and thin limestones 'more or less charged with iron pyrite' (Peach and Horne, 1900) . Strathpeffer Spa sources contained tions between 778 and 924 mg l when sampled y1 in 1993.
Anthropogenic influences
Vulnerability to pollution
As the majority of groundwater resources in Scotland are shallow and most are unconfined, they are generally vulnerable to surface pollution sources, both point source and diffuse. Categories of vulnerability are assigned on available aquifer vulnerability maps (ADRIS, 1995; SEPA, 1998) , but these exclude the protection afforded by till as the thickness and physical integrity of clayey till is rarely known, and site-specific investigation may be needed.
At greatest risk to surface pollution are riverine gravel deposits. These are generally in hydraulic contact with surface waters and may be at risk to quality fluctuations in the rivers wherever they are loosing to groundwater. Nevertheless, major groundwater development schemes for public supply have been focused on these deposits, both in the Lower Spey (Watt et al., 1987; Chen et al., 1997) and in the Great Glen along the River Lochy (Johnstone and Rennie, 1991) . However, both schemes benefit from good quality surface water with low NO concentrations (-0.1 and 0.5 
Coal and oil shale mining
There are some 20 000 known shaft entrances to coal and oil shale workings in the Midland Valley. Over 80 of these now discharge polluted minewater to surface water courses (Wood et al., 1999) . These may be: reducing (depleted in oxygen); acid; rich in sulfate; iron and aluminium; and are the result of the conversion of iron pyrite to soluble form whilst the mine is dewatered, and which is later taken into solution when the mine is finally abandoned and floods (Younger, 2001) .
The most celebrated coalfield minewater discharge was at Dalquharran in Ayrshire where acidic minewater first arrived at the surface in 1979 only 2 years after the mine was abandoned. At that time minewater discharge into the River Girvan was at a rate of 13 Ml day . The Fe concentration y1 was 1200 mg l , Al was 100 mg l and the pH y1 y1
was 4 (Norton, 1987) . Within a year the Fe concentration had fallen to 400 mg l and has Mining activity has exacerbated the hard nature of much of the groundwater in the Carboniferous sediments (Fig. 6) . Median values for the anions HCO and SO (Table 1) are high at 281 and 89   3  4 mg l , respectively, and as a consequence, much y1 of the groundwater in the coalfield areas is unpotable, as are many of the rivers (e.g. the Ore) which receive groundwater baseflow.
Urban and contaminated land
The social and industrial legacy of the Midland Valley is reflected in areas of contaminated land, leaking sewers, landfill and residual contamination of groundwater from past industrial activities. Much of this contamination is from organic compounds, e.g. at a factory site near Dumfries (Anon., 1995) . Some contaminants may induce a high biological oxygen demand, and others enhanced Na and Cl concentrations in groundwater.
Until recently, former mine workings were used to dispose of unwanted industrial effluents. The former Ravenscraig steel works in south-west Scotland was licensed to dispose oil-rich coke oven effluent down one shaft and acid pickling wastes down another. Nearby, at Cleland, alkaline trade effluent was also discharged underground. Both activities ceased in the early 1980s, but a weak oily discharge from the coke oven effluent still surfaces in the South Calder Water, indicating that residual waste remains underground.
Urban contamination of groundwater led to the abandonment of the last borehole supply in Edinburgh city in 1986. Before then, all the breweries relied on groundwater as they did also in Alloa (where now only one brewery borehole remains in supply). In Glasgow, where shallow coal workings contaminated the groundwater, preference was given at a very early stage to use Loch Katrine water once it was available in public supply to the city.
Agriculture and forestry
The distribution of nitrate as a percent of the total sample set for the Highlands, Midland Valley and the Southern Uplands is shown in Fig. 9 and summarised in Table 2 . It shows that nitrate pollution of groundwaters is least in the Highlands and greatest in the Southern Uplands where a significant proportion of samples exceed the EEC maximum admissible concentration of 11.3 mg-N l .
y1
The aquifers with the highest occurrence of nitrate above the maximum admissible concentration are the Devonian aquifers of Stratheden in Fife and parts of Strathmore, the Permian basin aquifers at Dumfries and Mauchline in Ayrshire and parts of the volcanic aquifers in the Lothians. These all reflect intensive cultivation or grassland usage in which annual nitrate leaching losses from fertiliser are likely to exceed 40 kg ha . Nitrate concentrations are increasing in some areas, although not all. In the Permian basin of Dumfries, the original public supply borehole at Terregles was commissioned in 1978; the nitrate concentration was 6 mg l in 1983, and has since y1 risen steadily to reach 26 mg l in 1998. This y1 rise reflects a massive increase in abstraction in that area, coupled with continued nitrate loading on grassland in the main recharge area which is a few kilometres to the north of the borehole. In the Devonian aquifer of Stratheden, intensive agricultural activity, particularly the cultivation of vegetables, has resulted in a steady increase in NO 3 concentration in many boreholes (Fig. 10) . Both areas are cause for concern.
Afforestation, deforestation and deep ploughing may cause water quality problems associated with a net acidifying effect on upland waters (Neal et al., 1998a) . Deep ploughing of upland peat areas, in particular, may mobilise metals and nutrients. However, the effect of groundwater as a buffer to acidity has been underestimated even in weakly permeable basement terrain (Neal et al., 1998b; Soulsby et al., 1998) .
Conclusions
Groundwater is not universally pure in Scotland. Many hydrogeological units can produce water of a quality adequate for drinking with only minimal treatment, but there are also a range of groundwaters that are unsatisfactory with regard to NO 3 concentration, acidity, salinity, or metal concentration. Some aquifers are vulnerable to surface pollution and regular monitoring of sources, coupled with protection of both the source and the resource will help to ensure compliance with current and proposed legislation.
The occurrence of groundwater of poor quality, be it acidic or strongly mineralised, impacts on the broader environment as baseflow to surface waters. Extreme examples are the many minewater discharges that occur within the coalfields of the Midland Valley. However, the discharge of nitraterich groundwater to low-nutrient surface waters, or of alkaline groundwaters to normally acid streams may have a significant effect on surface waters particularly at times of low flow.
Validated baseline quality data are sparse. A major effort is needed to collect reliable hydrogeochemical information and to make the data accessible both to the regulator and the environmental community in general.
